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Screw Sense Differentiating Polymerization of Achiral Isocyanides
Tadao Harada,8 Marco C. Cleij,8 Roeland J. M. Nolte, * 8 Alfons M. F. Hezemans,b and Wiendelt Drenth* 8
a Laboratory of Organic Chemistry and bLaboratory of General Chemistry, University at Utrecht, Croesestraat 79, 
3522 AD Utrecht, The Netherlands
Polymerization of achiral isocyanides p-XC6H4NC (X = MeO, Me, H, Cl) by nickel(11) chloride in the presence of (S)-2- 
isocyanoisovaleric  acid methyl or t-buty l ester gives rise to optically active po lymers [p-XC6H4NC]n w ith  an excess of 
r ight-handed screw sense.
Poly(iminomethylenes), (2), are atropisom erict polymers 
with a rigid helical structure (Figure I ).2-3 They are prepared 
from isocyanides, e.g. ( 1 ), by the catalytic action of nickel(n) 
salts .2
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When enantiom ers of chiral isocyanides are polymerized, 
optically active polymers are formed with predominantly one 
screw sense .4 D epending on the chiral side chain R this screw 
sense may be either right-handed ( P ) or left-handed (M).
Achiral isocyanides are converted into racemic mixtures of 
right-handed and left-handed screws .5 Stereo-differentiating 
polymerization of achiral isocyanides has not yet been 
reported.* We describe here that (S)-2-isocyanoisovaleric acid 
methyl ( la )  or t-butyl ( lb )  ester induces a screw sense 
differentiating polvmerization of achiral aryl i s o c y a n id e s
(lc )— (If).
Com pounds ( la )  and ( lb )  were prepared from L-valine by 
esterification, N-formylation, and subsequent dehydration 
steps, according to standard procedures .4-6 The optical ro ta­
tions of the compounds am ounted to [cv]D20 ( la )  + 27.6° and 
[a ]D20 ( lb )  + 29.5° (c 1, benzene). Aryl isocyanides ( lc )— 
(I f )7 were mixed with ( la )  or ( lb )  and polymerized neat with
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Figure 1. Helical configuration of a poly(iminomethylene).  Repeating 
unit: C-5 is behind C - l ,  C -6 behind C-2, etc.
anhydrous NiC2.§ After work up, polymer samples with Mv = 
30 000— 40 000 were obtained which consisted mainly of 
(2c)— (2f) and showed high negative optical rotations (Table 
1). In the c.d. spectra of (2c)— (2f) strong negative couplets
Figure 2. C .d. spectra  of polymer (2b) (curve A) and polymer (2c) 
(curve B) in acetonitrile and methylene chloride, respectively. Curve 
A points to a left-handed helix, curve B to a r ight-handed helix.
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Figure 3. Stereo-differentiating polymerization of p-methoxyphenyl-  
isocyanide ( lc) in the presence of (S)-2-isocyanoisovaleric acid methyl 
ester ( l a ) .  Specific optical rotation of the polymer samples as a 
function of the mole fraction of ( l a )  in the initial m onom er  mixture 
(A). Mole fraction of units from ( la )  in the polymer samples as a 
function of the mole fraction of ( l a )  in the starting mixture (B).
f  A tropisom erism  is s tereoisomerism due to restricted rotation 
around single bonds,  cf. ref. 1. Polymers (2) show restricted rotation 
a round  the single bonds connecting the main chain carbon atoms.
$ In addit ion to the p rocedure  descr ibed here ,  we tried without  
success the s tereo-different ia t ing  polymerizat ion of achiral isocyan­
ides with chiral catalysts (nickel D-tartrate,  nickel L-alaninate,  nickel 
L-valinate),  chiral addit ives [L-borneol,  (S)-a-phenylethylamine, cin­
chonine] ,  and  a chiral solvent [(S)-butan-2-ol].
§ In a typical p rocedure  m on om er  ( lc) (133 mg, 1.0 mmol) was mixed 
with ( l a )  (144 mg, 1.02 mmol) and stirred under  a nitrogen a tm os­
phere with anhydrous  NiCU (13.2 mg, 0.1  mmol) for 16 h. The 
reaction mixture was trea ted  with M e O H  and the polymer that 
precipitated was collected, washed with M e O H  to remove unchanged 
( la)  and low molecular weight products ,  and dried. In this way 158 mg 
(90%) of a polymer sample was ob ta ined  that had [cv]D20 “ 510° (c
0.02, CHCI3) and contained 23% of units derived from ( la )  
(elemental analysis and *H n .m .r . ) .
A /n m
0 0 . 5  1
Mole frac tion  of (la) 
monomer mixture
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Table 1 . S tereo-differentiating polymerization of achiral isocyanides 
p -X Q ,H 4NC in the presence of chiral 2-isocyanoisovaleric acid esters 
( la )  or ( l b ) . a
( l a )  ( l b)
°//o 0//o
-[cv] D20b/° Incorpora t ion 0 “ M d20 b/° Incorporation0
(2c) 510 23 350 15
(2d) 550 31 485 22
(2e) 610 30 540 21
(2f) 660 35 445 20
(2a)d 110 100 --- ——
(2b)d --- - 3 3 100
a Reaction conditions: neat at 20°C; X C hH.,NC/(la)  or ( lb )  = 
1 mmol/mmol;  1— lU m ol%  of NiCl->; molecular weights of products 
are (X, Mv) : M cO , 42000; M e, 36000; H , 44000; Cl, 31 000. h Optical 
rotation (c 0.02, C H C I3) of (2c)— (2f). c % Incorporation of ( la )  or 
( lb )  in (2c)— (2 f) as calculated from elemental analyses and *H n.m.r.  
d Reaction conditions for p repara t ion  of homopolymers:  (2a), neat,  10 
m ol%  of NiCl2, 2 0 °C; (2 b), neat,  0.5 m ol%  of NiCU; 45 °C.
were visible in the region of 300— 350 nm. These couplets are 
due to the n-jr* transition of the imino functions of the 
polymer main chains and point to right-handed helices.4,8 An 
example is given in Figure 2.
The extent of asymmetric induction by ( la )  was measured 
by varying the initial ratio of isocyanides ( la )  and (lc) in the 
m onom er mixture. Figure 3 shows that the optical rotation of 
the polymer samples increases with increasing mole fraction of 
( la )  in the starting mixture. The num ber of monomeric units 
from ( la )  that are incorporated in these samples increases 
simultaneously.
We also polymerized optically active isocyanides ( la)  and 
( lb)  separately with NiCl2. The resulting homopolvmers (2a) 
and (2b) showed optical rotations of [a ]D20 -110° and +33°, 
respectively (Table 1). Remarkably, the c.d. spectra of (2a)
and (2b) revealed that these polymers have a screw sense 
opposite to that of (2c)— (2f) i.e. a left-handed screw (see 
Figure 2). This result suggests that polymerization of aryl 
isocyanides ( lc)— (If) in the presence of ( la )  or ( lb )  is not a 
common copolymerization reaction, in which a left-handed 
helix would have been expected as in the homopolymers. We 
explain our results in the following way. Isocyanides ( la )  and 
( lb )  are bulky, slowly polymerizing isocyanides. They have a 
preference for inclusion into left-handed helices and thus may 
retard the formation of these helices from monomers ( lc )— 
(If). The right-handed helices may continue to grow on and 
ultimately consume all the achiral monomer. We are currently 
verifying this hypothesis.
This research was supported by The Netherlands Founda­
tion for Chemical Research (S .O .N .) with financial aid from 
The Netherlands Organization for the Advancement of Pure 
Research (Z .W .O .) .
Received, 23rd January 1984; Com. 096
References
1 E. L. Eliel, ‘Stereochemistry of Carbon C o m p o u n d s , ’ McGraw- 
Hill, New York,  1962, p. 156.
2 W. Drenth  and R. J. M. Nolte, Acc. Chem. Res., 1979, 12, 30.
3 F. Millich, Macromol. Rev., 1980, 15, 207.
4 A. J. M. van Beijnen, R. J. M. Nolte, W. Drenth ,  A. M. F. 
Hezemans,  and P. J. F. M. van de Coolwijk, Macromolecides, 1980, 
13, 1386; A. J. M. van Beijnen, R. J. M. Nolte, A. J. 
N aaktgeboren ,  J. W. Zwikker,  W. Drenth .  and A. M. F. 
Hezem ans,  ibid., 1983, 16, 1679.
5 R. J. M. Nolte, A. J. M. van Beijnen, and VV. Drenth ,  J. Am. 
Chem. Soc., 1974, 96, 5932; A. J. M. van Beijnen, R. J. M. Nolte, 
and W. Drenth .  Reel. Trav. Chim. Pavs-Bas, 1980, 99. 121.
•r
6 R. U rban ,  D. M arquarding ,  P. Seidel, I. Ugi, and A. Weindelt,  
Chem. Ber., 1977, 110, 2012.
7 I. Ugi, ‘Isonitrile Chemistry , '  Academic Press, New York, 1971.
8 A. J. M. van Beijnen, R. j. M. Nolte, W. Drenth .  and A. M. F. 
Hezem ans,  Tetrahedron, 1976, 32, 2017.
On-Off-switched Crown Ether-Metal Ion Complexation by Photoinduced Intra­
molecular Ammonium Group 'Tail-biting'
Seiji Shinkai,* Midori Ishihara, Kaori Ueda, and Osamu Manabe*
Department of Industrial Chemistry, Faculty of Engineering, Nagasaki University, Nagasaki 852, Japan
A new photoresponsive crown ether w ith  an am m on ium -group  tail was synthesised in which the ion-binding ability 
changes in response to photo irrad ia t ion because of competit ive intramolecular 'ta il-b it ing' in the c/s-form produced 
by photo isomerisation.
Cations are known to be transported through membranes by 
synthetic macrocyclic polyethers as well as by antibiotics .1-3 
In particular, polyether antibiotics such as nigericin and 
monensin interconvert between the cyclic and acyclic forms in 
the m em brane phase, a property which is believed to be 
responsible for rapid ion-transport through the membranes. 
This phenom enon suggests that reversible interconversion 
between two states can be responsible for the high efficiency 
of carrier molecules. Azobenzene exhibits photoinduced 
reversible cis-trans isomerism. The geometrical change invol­
ved is so large that it has frequently been employed as a
photoantenna for photocontrol of functional molecules such 
as crown e thers ,4-8 cyclodextrins ,9 and polymers . 10*11
Recently, Nakatsuji et a l.n  reported a new synthetic 
ionophore having a crown ether ring and an attached 
ammonium ion capable of intramolecular complexation. 
Herein we report on a new photoresponsive crown ether 
(1H + ) with an ammonium-group tail. This 'tail-biting' crown 
ether is designed so that the crown ether ring can bind 
intramolecularly to the ammonium group only when it is 
photoisomerised to the c/s-form. The Corey-Pauling-Koltun 
(CPK) model of (1H + ) shows that the hexamethylene spacer
